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Preliaiawy  studies  cf  the  reactions  of  several  new  saterials  (HlBg, 
HfC,  and  solid  solutions  of  TiC/2rC  and  2rC/CbC)  with  possible  rochet  exhaust 
cosponents  such  as  COg,  H^O,  ECl,  end  have  been  raie.  Of  the  nev  ccspounds 
and  solid  soltistlcns  tested  only  Hrc  In  oxidising  atnosrbere<  appears  to  have 
attractive  properties.  ?rellninary  hlnetio  studies  vere  coaaucted  vith  TIC 
and  ZTA  graphite  in  sixtures  of  COg-CO^A.  The  corrosion  of  both  saterials 
depends  linearly  upon  the  partial  pressure  of  COg  under  the  conditions  of  our 
experlcent.  The  graphite  vas  also  shevn  to  corrode  nearly  linearly  with  tine. 
Ketallographlc  studies  have  begun  of  carbide  and  bor  a.*  sesples  that  had  been 
corroded  in  tests.  Kev  phases  have  been  ebser/ed  in  several  eases,  and  these 
vlll  be  further  Investigated.  Studies  cf  reactions  betveen  gases  and  rtlVactory 
saterials  vlll  be  extended  froa  the  present  22C0-*2500*C  to  hS^.er  tcspei'alures 
vith  eaphasls  on  obtaining  sany  results  rapidly  to  survey  the  field. 

The  vaporisation  of  2r3g  is  being  studied  vith  a  aass  spectrosetcr- 
In  addition  to  rieasurlng  the  vapor  pressures  of  boron  and  alrconius  over 
ve  have  determined  the  vapor  pressure,  a.nd  fVos  it  the  free  energy  and  heat  of 
vaporisation,  of  sirconlus  as  a  ftoction  of  tesperature.  These  data  ore  needed 
to  calculate  the  heat  of  fcrsatlcn  of  ZrBg.  fer  vhlcn  our  results  thus  for 
indicate  a  value  near  hcal/acle.  Addltiasal  experi&ents  vlll  be  perforsed 
on  SrBg  in  crucibles  of  different  saterials  to  verify  our  data.  Equlpsent 
flsse;d)led  during  this  quarter  vlll  be  used  to  study  both  equlllbrlici  and 
kinetic  gas-solid  reactions  In  the  sass  spectro©*ter. 

The  possibility  that  (Taln-bcundary  sliding  produces  the  elastic 
•t^nping  feuri  for  polycrystalline  tungsten  betveen  *500*  und  1280*C  vas 
investigated,  speeiaens  of  various  grain  siscs  and  a  nonocrystallinc  &.^'>nlc 
verc  tested,  and  all  shoved  similar  bchevior.  Accordingly,  grain  boatlary 
sliding  is  apparn^vly  net  an  important  elastic-loss  mechanism  for  tungsten  at 
these  tf-cperature5»  Similarly,  the  oscillation  of  dislocations  docs  not  appear 
to  be  the  Ir.Tortant  mechanism,  because  recrystallising  a  strain-hardened  sasple 
did  r,ct  el-c'  anelastic  behavior.  Stress-induced  ordering  of  interstitial 
atoms  and  •«f>l id-state  reactions  remain  as  ree^nized  possible  causes  or  the 
cbscrv*-j  itmcltg. 

rVecisc  measurements  of  the  shear-vavc  attenuation  and  of  the  tem¬ 
perature  dependence  of  the  clastic  constants  of  single-crystal  tu.ngstcn  vill 
be  ur.dertaken  during  the  next  quarter.  Tvs  single  crystals  cf  7SC  arc  nev 
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being  arr.ealed  cad  c&ehined.  !-:easure=ents  of  their  elastic  properties  at 
elevated  tesperatures  vill  also  begin- 

Data  oa  the  therral  expansion  of  circoaiua  carbide  have  been  obtained 
«p  to  1770*C  using  a  nev  x-ray  iUmacc  assecbly.  Daring  this  quarter  it  vas 
found  that  the  temperature  measurements  previously  reported,  made  by  sighting 
an  optical  pyreaeter  into  a  black-bcdy  hole,  vere  in  error.  The  large  angular 
aperture  of  the  sicropyrooeter  vas  not  being  filled  by  radiation.  This  vas  a 
result  of  the  size  a.}d  alignment  of  the  vieving  holes  through  the  ftirxiace  vail 
ar.d  radiation  shields.  This  difficulty  v.^  corrected  in  the  nev  iXa^iace 
asse^ly,  and  the  vorh  on  titanium  carbide  and  tungs*  .1  vas  repeated  ur'  >g  it. 
The  data  obtiined  on  TiC,  ZrC,  and  tungsten  are  in  agreement  vith  the 
x-roy  data  of  Kauer  a.nd  3olz  over  the  entire  temp'^turc  range  within  vhlch 
they  made  seasuresents.  Cur  data  continue  *»25*C  above  their  hi^.est  tenpera- 
ture,  and  ve  plan  to  exter.d  this  range  upward  by  approximately  250*C  during 
the  next  quarter. 

Tensile  ci-eep  tests  vere  run  on  a  tantalum  specimen  in  the  range 
1023-121&*C  to  Chech  operation  of  the  creep  equipment.  A  study  vas  made  of 
the  cespatibility  of  TiS^  tungsten,  tantalum,  and  molybdenum  to  abeve 
21oO*C.  Tantal^  and  tur.gsten  did  not  react  seriously  with  TiB^  up  to  2100*C. 
but  molybdenum  did.  Grips  of  tantalum  vere  used  in  testing  tvo  speoiaens  of  a 
ccssercial  titanium  diboride.  The  first  test  shoved  a  creep  rate  of  less  than 
1  X  10*  /hr  under  a  stress  of  «,7C0  psi  at  1515*C  but  vas  then  spoiled  by  a 

sample.  During  the  second  test  the  specimen  overheated,  reacted  vith  the  grips, 
ar.d  partially  melted,  apparently  because  of  a  thermocouple  fallvj'c.  Two 
remaini-ng  specimens  ef  titanium  diberide  vill  be  tested  in  creep  above  3  >X*C 
during  the  next  quarter.  A  calibration  system  for  obtaining  true  specimen 
temperatures  from  the  measured  brightness  temperatures  will  also  be  set  up. 

A  program  oa  the  mechanical  properties  of  very  pure  tungsten  in  the  range 
lO0O-25CO*C  is  being  started-  Special  cqui;ccnt  will  be  dcsigttcd  and 
constructed  to  obtain  a?>d  maintain  very  hl^.  purity  In  the  tungsten  tested. 

The  electrical  resistivities  and  Kail  coefficients  of  hot-pressed 
TiC.  ZrC.  HfC,  CbC.  and  T;^  hv.*c  been  measured  over  the  range  h-<0O*K.  These 
data  have  been  interpreted  in  terms  of  a  tvo-bard  model  that  can  account  fer 
the  properties  measured  and  f.r  the  differences  observed  between  the  carbides 
of  the  IVa  and  Ya  Group  metals.  Vork  cn  s~lid  solutions  of  lYa  and  Ya  carbides 
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is  planned  to  explore  father  the  curve  of  density  of  valence-electron  states 
vs  enerQT.  vith  ZrC-CbC  solutions  to  be  studied  first.  An  investigation  of 
the  effect  of  nitrogen  additions  on  the  galvanocagzietic  properties  of  the 
refractory  carbides  is  also  planned.  A  furnace  in  vhich  galvancsagnetic 
ceasurezents  can  be  cade  up  to  1000*C  vill  be  constructed  frees  a  na<f-cospleted 
design. 

The  role  of  vacuts  purification  of  refractory  carbides  and  borides 
is  becosing  clearer.  The  aetallie  elesents  are  seldon  a  problcsi,  and  sost  of 
thes  can  be  reaoved  by  a  hi^-teaperature  vaeuca  ^eatcent.  Carbon,  oxygen, 
and  nitrogen  pose  the  sajer  difficulties,  nitrogen  has  been  renoved  "by  vaeuua 
treatsaents  near  2250*C  frea  TiC,  TiB^,  and  ZrBg,  b:*  lot  fToa  ZrC.  fo.*  ^Mch 
higher  tesperature  treatcents  vill  be  tried.  Oxygen  and  carbon  contents  appear 
to  be  related,  as  one  vould  expect.  These  carbides  and  borides  have  generally 
contained  sore  cartibn  (free  carbon  in  carbides)  than  oxygen.  Under  these 
conditions  oxygen  has  been  relatively  ea^  to  f^cove,  presumably  a:;  CO,  at 
teaperatixes  as  lev  as  l£00*C.  Hovever,  the  excess  ITee  carbto  has  been  very 
difficult  to  resove  viien  present  in  large  amounts.  Variations  in  procediure 
to  saore  nearly  balance  the  carbon  ax^  oxygen  contents  before  vacuus  treataent 
vill  be  tried  during  the  next  quarter. 

Continuing  efforts  have  been  sade  to  produce  speciaens  large  enough 
for  aeasuresents  of  thersal  conductivity  (2**  x  0.2"  x  0.1").  A  specisen  of 
TiBg  has  been  cade,  and  others  of  7aC  and  CbC  are  nearly  ready. 
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This  prosrcn  Is  conicrned  vith  the  principles  governing  high- 
teiper&f.:re  Nrhesical  sai  physical  behavior,  especially  in  the  respects  that 
say  contribute  irporteatly  tv  tne  successit.!  perfersance  of  zaterials  as  rocket 
ecz^nents  operating  at  high  te^jeraturcs. 

The  nejor  group  of  naterials  being  studied  here  consists  of  the 
refractory  carbides  and  boriCes  of  the  transition  setals.  ihe  technology  of 
th^se  saterials  is  not  veil  advanced,  a  neglect  due  largely  to  their  brittle¬ 
ness  at  rocs  tesperature.  Ccnses-ently  a  considerable  effort  is  being  devoted 
to  the  preparation  of  povders  of  these  cosccunds  vi*  i  ^ood  pjrity  and  to  their 
fabrication  into  test  specisens  vithout  conta=ir,ution. 

Corrosion  and  vaporisation  of  a  rocket  r,osslc  saterial  can  ispertant- 
ly  affect  its  practical  pcrforsance.  Direct  less  of  saterial  ar,d  strer^th  soy 
be  Isportant,  and  the  effects  vill  be  sagnified  if  the  attack  is  selective  so 
as  to  produce  cracks  or  accelerate  their  grovth.  It  is  for  these  reasons  that 
gas-solid  reactions  and  vaporisation  are  being  studied  in  this  pregras.  In 
particular,  the  progras  of  chesical  screening  tests  has  been  pursued  during 
this  reperting  period  to  give  a  general  viev  of  the  relative  resistance  wf 
refraetcry  carbides  aud  borides  to  isportant  cenponent  gases  of  rocket  exhausts 
and  to  sixtures  of  these. 

As  structural  parts,  rocket  nestles  arc  subjected  to  substantial 
stresses  during  operation,  Soce  of  these  stresses  change  relatively  slovlj* 
vith  tine,  ani  ti-eir  effects  on  the  nozslc  vill  be  detersined  by  creep  strength 
?ird  There  arc  alfo  rapidly  charu:im;  strccscc.  resulting  froa  sudden 

heating  or  cooling.  'Titt  resistance  cf  the  nossle  to  su.:  thcraal  shock  vill 
de*«nd  up?n  a  ccabinat'on  of  properties  vhicb  it  is  enlightening  to  ccs,sid5r 
individually*.  H.e  s:*ornal  stresses  developed  by  a  given  tesperature  haage 
increase  vith  an  increasing  coefficient  of  expansion  or  elastic  sodulus,  and 
they  decrease  vith  increasing  tncnsal  conductivity  or  specific  .leat.  The 
abilit..  avoid  Ibacvurc  frer  these  stresses  depends  ipon  the  tensile  ,.crcng,h 
and  the  ductility  of  sne  material.  All  these  properties  are  being  investigated 
fer  these  reason^  and  s^-ae  of  thes  f*T  others  as  veil.  Thus,  a  krxyvlcdgc  of 
the  clasti-  ncc..lur  of  hSr  saterial  is  oasic  for  any  designer,  and  thercusl 
ccnductiv-ty  ar.s  specific  -.vat  are  necessary  frr  calculations  of  heat  transfer, 
in  odii.irn,  a  pr*»*x«s  f  .’alvanozagncti ;  seas  crener.*  -  at  lov  temperatures  iz 


being  carried  out  to  inerea5:e  cur  knovledge  of  the  behavior  of  electrons  in 
these  carbides  and  borides,  and  thus  of  the  interatoaic  binding  which  is  so 
i:^>ortant  in  deteruining  their  properties. 
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A.  Ges-Sclld  Reaction  Studies  I.  R.  lad^,  J.  R,  KcPowoH,  and  P.  H,  Valsh 
1.  Cbesical  Screenlz^  Tests 

Tbe  exploratory  Investigation  of  the  chesical  reactivity  of  solid 
zsaterials  at  high  tenperatures  vith  **arious  ecsrosive  species,  knovn  or  expect* 
ed  as  combustion  products  frcs  current  or  proposed  rochet  fuels.  Las  been  con¬ 
tinued.  The  prlsary  ala  is  to  obtain  qualitative  inforaation  on  the  relative 
chesical  stabill^  of  actualor  prospective  rocket»nos£l';  taaterials  rather  than 
detailed  inforaation  of  Iccedlate  applicability  to  rc  :c«*t  engineering,  ire 
nature  and  extent  of  the  chesical  reactions  taxing  place,  the  cechanisa  of 
attack  (i.e.y  grain  boundary  penetration,  surface  attack,  etc.),  the  effects  of 
saaple  purity,  coaposition.  and  density,  the  dependence  on  gas  co^sition, 
and  the  overall  course  of  the  reactions  are  all  being  considered.  It  is  hoped 
that  general  pxittems  of  behavior  viU  be  revealed  that  vlU  be  useAil  for 
predicting  tne  relative  chesical  stabilities  of  the  refractory  satcrials  is 
actual  rochet  applications. 

The  arC'ieage  fUmace  has  been  used,  in  the  nanner  described  In  the 
previous  Seslannual  Progress  Report,  for  the  aeasuresent  of  the  chesical  reac¬ 
tivity  cf  refractory  carbides  and  borides  and  of  graphite  vith  the  gases  CO, 

COg,  Hg,  HgO,  HCl,  and  E?j.  In  Table  A-I  are  shCfVn  the  experisental  conditions 
(coluss  1-5)  and  the  corrosion  results  {coltsns  6  and  7).  The  rate  of  vel^t 
Change  is  given  per  unit  of  surface  area  in  colum  6,  since  not  all  saapdes 
verc  the  saae  site.  These  vei^t  losses  are  re-expressed  in  coluoa  7  as  linear 
"corrosion  rates"  by  dividing  by  the  density  (and  cultip  lying  by  a  cils/cs 
conversien  factor).  Althou^  this  corrosion  rate  oust  not  be  tahen  litercdly 
(the  assveptions  of  constant  saaple  density  and  unifors  surface  reces::ion  rate 
are  often  false),  colunn  7  should  be  usciUl  for  indicating  the  linear  cecr-osion 
rates  of  satcrials  of  vidcly  differing  densities. 

A  sursary  of  "c^rosion"  rates  of  saterials  tt-  ed  to  date  is  *»vjluded 
in  Tabic  A-II  in  order  tc  facilitate  cesparison  of  the  present  data  vith  that 
reported  in  the  previous  Ses£nr.nuai  Hepert.  Cosparisons  should  be  sade  vith 
caution  for  the  follcvlng  reaslons: 

a.  The  te=p>cratures  reported  above  2!*D0*C  in  the  early  runs  are 
questionable  even  as  bri^.tness  tesperatures; 
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b.  Tesperature  ccsperison  bctveea  different  saterials  is  uncertain 
because  the  esdttence  f^tcr  =ay  be  different  for  every  seaple; 

c.  Gas  pressure  and  fictf  rates  vere  x^t  the  sane  for  all  runs; 

d.  7he  has^pressed  sasi^es  r.uxged  in  density  fbes  about  55^  to  955* 
of  theoretical  (unless  proven  othervise,  reactico  rate  sist  be  expected  to 
depend  strongly  and  unpredict^ly  upon  degree  of  cc^acticn); 

e.  Until  eorrosicn  rates  are  proved  to  be  linear  vi^h  tlae,  fine 
eceparisons  cannot  be  rade  between  reactions  teminated  after  different  tine 
Intervals. 

Xetallcgra;h^.c  exaninaticn  of  sanples  of  corroded  carbides  and  borides 
has  been  started  in  order  to  investigate  the  nechaui'!*.'  of  attack  and  v.  identi¬ 
fy  the  solid  reaction  products  foraed.  Sc:^les  of  UaC  and  TiB^  vhat  had  previ¬ 
ously  been  alloved  to  react  vith  CO,  CO^,  CO/HgC,  Hg,  l:Cl,  or  BT-  were  sectioned, 
polished,  and  exaained  under  a  microscope. 

?aC  and  TiBg  sonples  that  had  been  exposed  to  CO,  Hg,  HCl,  or 
showed  no  visible  layer  of  reaction  p^oduxts  in  the  polished  section,  thev^  a 
thin  surface  layer  could  have  been  overlo^cd  because  the  edges  of  the  section 
were  rounded  in  polishing.  In  contrast,  layers  of  reaction  products  vere  j^in- 
ly  visible  in  the  polished  sections  of  TaC  that  had  reacted  vith  HgO  cr  --Cg. 

The  exposure  to  a  CO/Hgf  mixture  produced  a  layer  0.15-0.£$  as  thick  of  a 
saterlal  vith  a  Knoop  hfc*dness  of  2500  (ICOg  load)  uospared  to  1500  for  the 
unreacted  TcC.  This  outer  laye^  vas  such  sore  readily  attacked  by  an  EF-HHO^ 
electrolytic  etch  than  was  the  remaining  TeC.  The  TaC  san^e  exposed  to  COg 
lest  its  shape,  and  became  covered  vith  a  lustrous,  black  coating.  In  the 
polished  section  two  layers  vere  revealed,  an  cuter  black  layer  (0. 5-1-0  =i) 
and  an  inner  light-yeXlcv  layer  (0. 5-0.6  =)  that  resccbled  the  layer  on  the 
T^-ln-CO/KgO  sanpl*  described  above. 

Reaction  products  vith  COg  and  EgO  likewise  were  visible  on  the 
polished  TlBg  slices.  In  both  cases  the  ssn^es  after  reaction  were  distorted; 
the  edges  of  the  polished  fa'es  vere  no  longer  at  right  an^es  to  each  other. 
Attack  by  COg  produced  r.  soft  dark  layer,  O.OS  to  0.5  cm  thick,  Mvering  the 
TIB.,  surface.  Attack  by  CO/ih^C  produced  an  unexplained  phencssenon.  Besides  a 
very  thin,  dark  layer  coatSr«  the  sasple.  a  further  new  phase  was  found  mingled, 
uitij  U.r  713.^  to  s  depth  of  1  -tt.  This  new  phase  appeared  almost  entirely  on 
oprcsite.comers  of  the  polished  surface,  one  on  an  edge  of  the  het  front  face 
and  the  other  on  an  edge  of  the  cooler  back  face.  Ko  satisfactory  cxpjlanatior. 
has  been  advanced  for  the  unusual  distribution. 
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"Corroalon  rata",  at  daflntd  In  Ttblt  A>I,  Kota  S,  In  mlla/a«e  x  10  . 

A  negative  corrosion  rate  awana  Increaae  in  staple  vilgbt,  usually  by  buildup  ol'  a  coating. 
Fractlona  represent  the  cstlnatad  voluoa  of  sasplt  nnoved  by  reaction. 
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HAT*  OF  WCIOHT  LOSS  CXFRCSSCD  AS  OORROSION  RATS  (MILS/SEO.) 
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■KD  A*  OORROSION  RATK  (MIUR/tKO.) 


MRTIAI.  PRESSURE  CO^CMM) 
FIGURE  A-2  CORROSION  RATES  OF  TiC  IN  CO2 


2.  Kinetic  Studies 

Sooe  prellalnary  kinetic  studies  bare  been  perferaed  vlth  TIC  and 
2TA  graphite,  priaarily  to  test  the  capability  of  the  arc-ice«e>iumace  equip- 
sent.  Graphite  vas  used  because  an  adequate  su^ly  of  satcrlal  vas  readily 
available.  The  data  collected  fbon  these  studies  are  recorded  in  Tables  A-III 
and  A-IV.  Figure  A-1  shovs  a  plot  of  corrosion  rate  of  granite  (calcu¬ 
lated  fron  veight-loss  data)  vs.  partial  pressure  of  COg.  The  stral^i-line 
plot  shews  that  the  reaction  rate  is  first  order  vith  respect  to  the  partial 
pressure  of  CO^  in  the  range  5*^50  a.  Figure  A-2  shews  a  siz:il8r  plot  of  the 
calculated  corrosion  rate  of  TIC  (65-88^  dense)  vs.  partial  pressure  of  COg. 

The  results  of  a  study  of  the  linear  corrosion  of  2TA  graphite  vs. 
tiae  are  shewn  in  Figure  A-3  and  Table  A-IV.  Free,  the  changing  slope  of  the 
curve  It  night  appear  that  the  fundanental  reaction  rate  decreases  vith  tlue. 
Since  the  linear  csrrosion  vas  calculated  by  dividing  the  sasple  vei^t  loss  by 
the  product  of  the  sanplc  density  and  origiral  stu^facc  srea,  a  correction  should 
be  cade  for  the  decrease  in  surface  area  that  occurs  during  reaction.  The  issue 
is  conlbsed  by  the  fact  that  the  sasples  beccac  core  parous  durir^  corrosion, 
but  it  does  seen  that  the  specific  reaction  rate  decreases  scce<rhat  vith  tlce. 

Fly  the  sane  token^a  unlfors  rate  of  linear  surface  recession  calfUated  fboa 
veight-loss  seasurecests  would  net  necessarily  express  the  actual  dicensiceal 
change  of  the  sasple.  In  a  ntzber  of  experisents  where  it  has  been  possible  to 
seasvre  the  dlcenslons  oz  the  saz^e  after  reaction  the  actual  dlsesslcoal  diasge 
has  been  found  to  be  ocnslder^ly  less  than  that  calvulaleu,  ixtuicating  increased 
porosity  (decreased  density)  of  the  sacple  (Tcblc  A-V).  These  observations 
suggest  that  a  substantial  fraction  of  the  observed  rear*^lon  takes  place  within 
pores  in  the  sanple;  itwould  seen  that  Increasing  the  density  of  the  initial 
sanple  would  therefore  reduce  the  acount  of  reaction  observed.  An  cxrerisental 
test  of  this  variable  will  be  cade  using  arc-^xwn  polycrystalline  caterials. 

5-  Future  Vork 

The  present  experiaental  approaches  and  evaluation  techniques  ^ill  be 
applied  to  r.ev  caterials  as  sacples  bccoce  available.  These  techniques  will  also 
be  extended  to  higher  tccpcraturcs  vitl.  equipcent  now  beir.g  set  up.  An  increas- 
ir.g  csduisis  will  be  placed  upon  sappleaeatary  cxperlaents  desjered  to  help 
interpret  previous  results  and  possibly  relate  thee  core  directly  to  rochet 
operatir^g  conditions. 
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B.  Thersodynealcs  and  Kinetics  of  Vaporiaatlon 

1-  Kasc-spectrcceter  Studies  of  Vaporitation  C.  Trulson,  H.  W.  Goldstein 

A  suostantial  part  of  oxar  cass-spcctrcactric  vot'h  has  been  on  the 
rclVaetory  borides,  first  on  Ti3g  and  nov  on  2r3g.  The  TiBg  study^^^  served 
z:ainly  to  define  the  AH  of  foraatlcn,  previously  quite  uncertain,  at  AHJ  * 
-52  kcal/sole.  An  auxiliary  result,  i^scrtant  fcr  the  present  stiAy,  vis  a 
confirsiation  of  I32  hcal/aole  as  the  heat  of  vapsritaticn  of  boron. 

Tor  Zr3-  the  best  p:d)lishcd  values  of  AH*  also  disagree  badly: 

2  1  250  /gX 

-T7  kcal/aole  frea  a  caloriaetrlc  detersSnation  by  Kaber,  Head,  and  Holley,'  ' 

and  -57  kcal/aole  fr^  a  vaporization  study  by  Leitne.-r,  Bowsan,  and  G"les,^^^ 
who,  hovever,  favored  the  -77  valxie.  In  their  calculations  they  had  used  the 
Skinner,  Edvards,  and  Johnston  v:^r-pressxu‘e  datt^"^  tad  the  JAHAF^^^ 
-(P*-H*2gg)/T  functions  to  obtain  AH*^^  *  1^5-5  kcal/cole  Ter  2r,  and  this 

result,  they  suggested,  vas  in  error. 

As  reported  last  garter,  boron  and  zireoniia  signals,  eorrespondit^g 
to 

Zr3g(s)  2r(g)  +  2  3(g)  ,  (l) 

vere  obscr-ed  vhen  Zr3g  vas  heated  in  a  tungsten-lined  tantalus  Knudseu  cell* 
vhcreas  with  a  granite  cell  only  boron  signals,  corresponding  to 

ZrBgCs)  ♦  0(5)  ZrC(s)  +  2  B(g)  ,  (2) 

verc  found.  The  tungsten  cell  obviously  reacted  vith  the  ZrBg  at  tesperaturcs 
above  2qOO*K  and  tnerc  verc  as  veil  as  Zr  and  B  signals,  there  vcrc  doubts 
about  the  propriety  of  assv=ing  res^tioa  (2),  and  the  heat  of  vaporization  of 
zirconl\=  had  in  any  case  to  be  questioned,  but  the  tentative  results  clearly 
favored  the  lover  sagnitude  Tor  the  heat  of  forcation  of  Zr3g. 

Ve  have  nov  aadc  further  acasuraaeats  on  ZrB^  in  granite  as  veil  as 


(1)  Scnicnnual  Progress  Beport,  Jure  JO,  I96I,  Contract  DA  5C-o69-OPB-2T87 - 

(2)  S.  J.  Huber,  S.  L-  Head,  and  C,  S-  Kollcy,  Jr.,  unpublished  vork,  vited 
in  (5). 

(3)  J.  K.  Lcitn?i3;cr,  M.  G.  Bovnan,  and  ?.  V.  Cilles,  J.  Oser..  Physics  J§6, 
jco  (lofip). 

(U)  G.  3.  Skinr.cr.  J.  •.  Edvards,  and  K.  L-  Johnston,  J.  Ascr.  Chea,  Soc., 
7J,  17^-  (1951). 

(5)  JA::A?  IblEBIH  TrlZPlSOCiS-aCAD  TABLES,  Tnc  Dov  Chealcal  Cespany,  Midland, 
Michigan,  December  Jl,  19^- 
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on  Zr  in  2rC-llned  graphite  ani  2r3p  in  ZrC*Xined  graphite.  Interpretation  of 
the  ZrBg  vork  is  as  yet  incc^Xete^  so  no  details  win  he  given  here.  Bie 
indications  are'  that  the  heat  of  formation  of  ZrB^  is  even  less  than  5?  kcal/ 
sole.  The  Zr  vork,  reported  in  scce  detail  helow,  agrees  fairly  veil  with  the 
Skinner,  Edvards,  axid  Johnston  data,  and  so  negates  the  argvsaent  of  Leitnaker 
et  al.  against  the  lover  rcstdt  for  the  ZrB^  heat  of  formation. 

a.  ZlrconliP  and  ZireoniQ  Diborid**  in  Zirconitaa  Carbide.  Since  the 
reaction  of  zirccninr  dlboride  viva  carhon  yielded  only  boron  as  a  volatile 
species.  It  vas  concluded  that  a  graphite  crucible  could  not  be  used  to  study 
the  vaporization  of  zirconium  diboride.  And,  althour^  leitnaker.  Bowman,  aztd 
GiUes^^^  used  a  tungsten  crucible,  our  preliminary  s^oiy  showed  that  zirconium 
diboride  and  tungsten  react  to  form  a  liquid  phase  at  approximately  2^50*C.  As 
an  alternative,  a  zirconita  carbide  crucible  vas  chosen  sii^e  the  zirconium- 
boron-carbcn  phase  diagram^^^  indicates  that  zirconium  diboride  should  be  stable 
with  zirconium  ctu bide. 

To  prepare  a  zirconitza  carbide  crucible,  a  gra^tc  crucible  was 
lined  with  zirconium,  loaded  with  zirconixs  and  zirconium  diboride,  and  heated 
to  epproxicately  l800*C  for  several  hours.  Visual  inspection  shoved  that  the 
inside  of  the  crucible  had  acquired  a  coating,  which  vas  identified  as  zirconium 
carbide  by  x>ray  analysis.  Additional  zirconium  vas  added  to  the  crucible,  as 

f7\ 

vas  a  silver  calibraticn  sample;'  '  then  the  heating  cycle  was  repeated,  and 
the  vapor  pressure  of  zirconium  vas  determined  belov  its  melting  point.' 
.*diitlcnal  zirconi'rs  vas  added  with  a  second  calibration  charge,  and  tte  zir- 
conivss  vapor  pressure  vas  determined  both  above  and  below  the  melting  point. 
Since  data  taken  below  the  melting  point  after  the  zirconium  had  once  oecn 
melted  agreed  with  the  vapor  pressure  data  obtained  beicrc  melting,  it  seemed 
clear  that  the  zirconium  carbide  coating  on  the  inside  of  the  crucillt  hai  be¬ 
come  sufficiently  thick  to  adequately  limit  the  rate  of  formation  o;  further 
zirconium  carbide.  It  is  therefore  believed  that  the  observed  pressures 
represent  the  true  vapor  pressure  of  zirconium. 

Tabic  B-I  presents  the  observed  zirccr.its  vapor  pressure,  togsihcr 
with  the  computed  free  energy  (iF*  •<  -BTlnP^^)  Juid  the  "third-law"  standard 

(6)  K.  ilowozny,  S.  Hudy,  and  ?.  3er.es ovsky,  ^2l.  Chem.,  9£,  595  (I96l). 

(7/  W.  A-  Chupka  !-5.  S.  Inghram,  J-  ?hys.  Chem.,  100  (1955)- 
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er.thaljT’  ot  vaporization  obtained  with  the  -(?•  -  H|^)/T  fbnttions^ 

for  each  of  tke  series  of  runs-  The  data  were  also  plotted  as  log  vs-T"^ 
as  shown  in  Figure  B-l.  5he  heat  of  suolisaticn  value  derived  by  least  squares 
frea  the  data  above  the  aclting  point  is  157-5  -  5-9  kcal/aolc,  and  trcsi  the 
data  below  the  aelting  point  is  1^2  t  10  keal/nole.  These  results  are  to  be 
cospared  with  the  average  thii^-law  value,  lbO.9  -  5-1  kcal/sole,  and  with  the 
value  IU5.5  kcal/ssle  calculated  free  the  vapor-pressure  da*-a  of  Skinotr, 
Sdwards,  acd  Johnston.  Sie  difference  of  approximately  •♦.5  kcal/nole  does 
not  account  for  the  differei^e  in  the  values  of  the  heat  of  formation  of  zir¬ 
conium  diberide  as  determined  ^  Leitneker,  Bcr.scan,  ani  Gillcs^^^  and  by  Huber, 
Eesa,  Eoi  Holley/®' 

Boron-pressiure  dat&  were  taken  in  addition  to  the  zirconi'nr  measure- 
asnts  at  tcsraeraturcs  above  the  salting  point  of  uircoai'A  in  the  experlcents 
Just  discussed.  Preliminary  examination  of  these  results  suggests  that  the 
heat  of  formation  of  zirecnitse  diberide  must  be  near  5&  kcal/cole. 

b- _ Plans.  Additional  experiments  will  be  perfornsid  on  ZrB2  in  zir- 

coniva  carbide  and  on  ZrB^  In  tungsten.  Squ5pscnt  has  been  fabricated  tc 
pjTOvidc  a  gas  inlet  system  for  the  mass  spectrometer,  and  z  molecular  beam 
assembly  under  construction  is  nearly  coaplete.  This  new  equipoent  will  be 
used  bath  for  equilibrium  and  kinetic  gas-salid  reaction  studies. 


T^le  3-1 


^eraodyatglc  3ata  for  Zlrccnliaa 


Terp. 

(•K) 

?Zr 

AF- 

(kcal/r^lc) 

AH’  ^ 

vap  293^ 

(kC^/03lc) 

2093 

2.91  10'® 

72.16 

ll*l.C7 

2055 

1.20  X  10'® 

73-69 

lfcO.69 

20C3 

7.22  X  10'® 

7i-65 

111  .77 

1968 

5.51.  X  10"^ 

76.11 

lUl.06 

208c 

2.16  X  10“'’ 

72.li2 

HO.90 

2092 

2.80  X  10*® 

72-30 

111  .16 

SOA 

-B 

1.0ft  X  10 

75-9'> 

110.65 

ISS/t 

5.62  X  10*® 

■ili-90 

110.35 

2070 

2.15  X  10*® 

72-67 

II0.85 

2(ft7 

1.32  X  10*® 

75-80 

111.21 

iX&2 

2.57  *  10*® 

72-31 

110.65 

yii? 

!i.U0  X  10*® 

n-09 

110.57 

a68 

6.97  X  10*® 

70.55 

110.97 

aua 

7.63  X  10*® 

69.96 

110.58 

an 

.  ,,  -  ,,,-7 

W  ft7 

iio.a 

a93 

1.55  X  10*^ 

63.55 

110.71 

2216 

1.81  X  10*' 

63.37 

111.13 

2236 

2.56  X  10*^ 

67.15 

110.85 

2257 

3.25  X  10*^ 

67.01 

111.05 

22T‘» 

3.86  X  10*'^ 

66.73 

111.51 

2067 

2.13  X  10*® 

72-57 

110.& 

2095 

3.10  X  10*® 

n.99 

ltO.51 

2060 

1.65  X  10*° 

73-37 

ltl.12 

ao9 

1.82  X  10*° 

70.61 

ifco.no 

2152 

7.75  X  10*® 

70.05 

110.77 

2190 

1.16  X  10*' 

69.51 

2050 

1.33  X  1C*® 

73-73 

111.26 

2086 

2.59  X  10*® 

72.76 

111.15 

2U7 

3.99  X  10*® 

71.63 

lal.32 

A-.-S:  110.9 

lll-VS 
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Rteiproeol  Ttinpcralur*  ^*K  )X  * 

FIGURE  B-  I  .  LOO  OF  VAPOR  PRESSURE  OF  ZIRCONIUM  METAL 
V(i  RECIPROCAL  TEMPERATURE. 


2.  Matrix  Isolation  St^ss 


V.  Veltner 

This  vork  vas  Ittltiatod  ir.  order  to  $ti2dy  the  vibrational  and 
electronic  properties  of  the  boleccles  uhich  vaporise  froa  hi^-tes;erature 
naterials.  Since  it  vili  be  used  in  cn5y  a  United  vay  in  the  future,  a  sasesry 
of  the  present  position  seens  appropriate.  A  technique  for  frecting-out  high- 
tes:perature  aalecules  has  been  vsrhei  cut,  arid  it  has  been  shown  that  individ¬ 
ual  salecules  can  be  isolated  Is  a  solid  inert  gas  at  lov  taperatures  or 
20^).  Ihis  has  been  desonstrated  quite  conclusively  by  studies  un  the  vapor 
evolviss  Ttoz.  boric  oxide  at  1H00*K  and  frea  carbon  at 

In  the  case  of  BgOj.  a  study  of  the  vlbraticwi  speotrua  of  the  natrix 
isolate  has  led  to  a  ecnsiderable  change  in  the  tszii  sxnt  of  the  vibrational 
furdeseotals  in  the  aolecule,  '^diich  has  led  in  turn  to  chenges  in  the  calculated 
theraodynaaic  properties.  Ihe  aost  noteworthy  advantage  of  the  lov  tesperaturc 
study  is  the  increased  spectral  resolution  that  vas  attained.  and 
isotopic  effects  in  the  spectr«  are  clearly  seen,  vhich  is  not  true  in  the 
high  tesperatura  studies  of  su^  species. 

Carbon  vapor  has  been  trapped  in  solid  ir^rt  gases,  and  the  electronic 
spectra  of  the  eatrix  thus  fomed  eentair^  a  band  systca  near  ^0^  k  which 
corresponds  to  that  of  gaseous  Cy  Ihe  cerplex  spectrua,  as  it  appears  in 
hot  carbon  vapor,  has  been  pussling  for  sanv  years,  and  a  study  of  this  spectna 
at  b*K  has  several  advantages.  Ihe  possible  vibrational  and  electronic  transi¬ 
tions  arc  now*  quite  restricted,  and  (as  noted  above  for  SgO^)  spectral 
are  narrowed;  thus,  analysis  of  the  spectria  nay  be  feasible. 

If  the  t-e^rat^rc  of  the  natrix  is  raised  scsr-duit,  so  that  the 
trapped  carben  noleculcs  can  diffuse  and  react  with  each  other,  the  speetnss 
changes  greatly,  no  doubt  because  larger  solecules  (Ct^,  etc.)  arc  ibrsed. 

At  present  there  is  nr  •'thcr  wey  to  study  these  larger  aoleculcs  since  tneir 
concentration  in  the  vapor,  under  norsally  attair.able  conditions,  is  ruite 
snail.  Ihls  illustrates  another  general  approach  that  can  be  applied  to  high- 
tespcratisrc  aoleculcs. 

The  sain  disadvantage  is  the  perturbing  effect  which  the  =atr5»  has 
upon  the  trapsed  solecules.  However,  this  effect  ray  often  be  srall  or  other¬ 
wise  subject  to  snalysls  and  correction,  and  it  will  usually  be  outweigh*^  by 
the  seny  aivantages  of  thr  =KUXx-isslatisr.  teciuxique.  *  prfuaisSng  future  is 
foreseen  for  ratrix-isolaticn  studies  of  high-terperature  vapors. 


C,  Slas^ic  ?ro?ertles 


3.  ?.  Bernstein 


Che  elastic  properties  cf  refractory  saterials  have  great  practical 
usefulness  for  fiesign  caiculaticns  and  ispcrtaat  fundaaental  sl£r.ifica:;ce  in 
the  field  of  cohesive  properties  of  solids.  Since  the  dynamic  elastic 
constants  of  a  material  say  he  calculated  :rcs  the  velocities  of  elastic  shear 
and  ccspresciorAl  vaves  in  it,  equipnent  for  acarcrinf;  these  velocities  hy  a 
rodified  pulse-echo  technique  has  heen  built  and  is  being  used  for  sashing  such 
seasuresents  at  a  function  of  tespcratin-c.  In  addition,  the  sigeal  viH  be 
attenuated  as  a  result  of  a:^'  inelastic  losses  of  the  vavc  energy.  Such  losses 
say  be  caused  by  6rai:.-bour.dary  slidir.g,  5tress-induc**d  ordering  of  intersti¬ 
tial  atess.  alter.aate  precipitation  and  dissolutio:.  •.*  a  neu  phase,  or  b/  other 
processes. 

1.  High-Tesperature  Vacuus  ?Urr.ace 

A  neu  resistance-heated  vacuvs  furnace  has  been  assenbled  vhlch  las 
several  nev  features.  Tungsten  rebates  tantalini  in  the  heater  elenents  and 
radiation  shields  so  that  hl^er  tesperatarcs  say  be  reached.  Vater-cooled 
split  cellars  support  the  heater  and  shields  =ore  rigidly  and  sake  their 
rcplaceaent  such  easier.  The  heater  is  divided  into  three  independently  povered 
sections,  instead  of  the  tvo  used  previously,  to  give  closer  control  of  tes- 
perature  gradients  in  the  sasple  and  to  increase  the  operating  tesperature 
range.  Ihe  furnace  has  been  operated  at  SC)CO‘C  vith  a  2.5  KV  pewer  Input.  The 
vacuus  vas  5  *  Terr  at  this  tesperature  and  J  x  10  '  Torr  at  roos  tea- 
pcraturc  aTver  bek^^t. 

2.  PoiycrystallSne  Tungsten 

Elastic  scasercsents  previctsly  sace'^"'^  u;  ‘e  l8CO*C  on  a  poly- 
zrystallir.e  sesple  of  tungsten  (^-1)  had  revealed  the  occurrence  of  n.^preclable 
clastic  losses,  starting  in  the  range  'r;c-5S0*C  and  increasing  rapS*  ly  ir.  the 
range  122'-12f’0*C  until  no  shear-signal  transmission  could  he  detected.  Ho 
difference  vas  found  in  the  attenuation  for  the  sample  in  the  cold  vorked 


condition  and  after  heating  to  l600*C.  ^!etallograJ^^y  nov  reveals  tnat  the 
alcrostrircture  of  the  sasple  had  changed  fTcs  the  typical  distorted  fine¬ 
grained  structure  of  cold-vorked  tungsten  to  one  of  coarse  equiaxed  grains 
(0»  grains  per  so  es).  Since  this  large  structural  change  did  r^t  affect 
the  elastic  losses,  it  appears  that  they  are  not  caused  by  relative  grain 
notion. 

As  a  further  check  on  this  coacluslea,  a  second  sasple  (Rj-2)  obtained 
frcs  a  different  nanufacturer  vas  annealed  at  2200*C  to  produce  an  even  coarser 
slcrostructure  of  32  grains  per  sq.  =s.  7h*i  attenuation  results  obtained  vith 
IV-2  vere  closely  sinllar  to  those  of  IV-1  up  to  107O*C,  where  the  oeasureaents 
bad  to  be  discontinued  to  renalr  a  faulty  electrical  '•-^nection  in  the  ‘^-•■nace. 
3.  Sir.gle-Crystal  Tungsten 

As  a  fir.al  step  in  determining  the  influence  of  grain  bou&darie» 
upon  attenuation,  cxperisencs  have  begun  at  elevated  tesperatures  with  single 
ccystals  of  tungsten.  Crystal  contains  cone  lineage  structure,  but  the 
<  100  >  axes  of  its  subgrains  lie  within  2.3*“^*1*  cf  the  cylindrical  saaple 
axis,  parallel  to  which  the  scale  wave  travels.  According  to  prelicinary 
results,  Itf-2  is  sisilar  to  the  polyerysralllne  samples  in  the  tfmperature 
dependence  of  the  attenuation  of  10  !C/sec  sheer  waves.  Freliainary  Deasu.'s- 
'cents  have  also  been  obtained  for  the  velocity  and  attenuation  of  ccspressiorAl 
waves  in  lSI-2  up  to  1^00*C.  There  is  no  previous  report  of  dynamic  elastic- 
property  measiu^sents  on  metal  single  crystals  at  temperatures  as  high  as 

itco*c. 

ii.  Qualitative  Interpretation  of  Herulcs 

(l  2) 

As  discussed  in  previous  reports,  '  '  the  four  factors  which  seem 
most  likely  to  cause  the  sheer-vuTe  attenuation  effects  observed  in  tungsten 
are:  (1)  relative  motion  of  the  grains  of  a  polycrystalline  material  at 
elevated  temperatures,  (2)  stress- induced  crderir.g  of  interstitial  Imts^rity 
atoms  into  preferred  sites  in  the  body-centered-cubic  tungsten  lattice, 

(5)  oscillaslon  of  dislocations  under  the  Influence  of  an  appliei  stress,  and 
(1*  solid  state  reactions,  such  as  precipitation. 

Helaxation  effects  due  to  the  relative  moticn  of  the  grains  nf  a 
polycrystalline  solid  at  elevated  temperatures  should  be  a  function  of  the 
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size  and  distribution  of  srains^"^  The  results  obtained  on  sasples  IW-1  and 
SVo2  shov  that  heat  treatment  and  grain  sise  do  not  affect  the  sagnitude  of 
the  elastic-loss  or  its  tesg^erature  dependance.  Likevise,  the  observed 
siziilarity  of  seasx&reaents  on  sixigXe  crystal  IV-2  to  cce  results  obtained  cn 
sasplcs  iV-1  az2d  rV-2  indicates  that  grain  boundary  relaxation  is  not  the 
cause  of  the  elastic  less. 

Oislocaticns  famed  hy  plastic  flov  in  the  course  of  the  ziactlning 
of  the  seaples  do  not  seea  to  be  an  isportent  factor,  since  extensive  annealing 
of  saaple  £V-2  did  sot  affect  the  sa^itude  or  tesperalure  dependance  of  the 
signal  asplitude.  This  is  contrary  to  vhat  veuli  be  erpected  if  the  csciXlavion 
of  dislocations  tmder  an  api^ied  stresP^  vere  the  nf  yt-iisa  of  the  observed 
dasping.  Cn  the  basis  of  the  results  obtained  to  date  cs  both  polycrystalline 
and  sosocrystallir.e  saaiCles  of  tungsten,  it  is  felt  that  the  seebanisss  sost 
probably  responsible  for  the  observed  shear-vave  dasping  effects  ere  stress- 
induced  ordering  of  interstitial  atess  or  solid-state  reactions. 

5.  TvLtMT^  Work 

Precise  neasuresents  of  shear-vave  attenuation  and  of  the  tesperature 
dependance  of  the  single-crystal  elastic  constants  of  tungsten  vill  be  lovicr- 
taken.  Tvo  single  crystals  of  TiC,  for  vhieb  roca  tesperature  ceasurenenss 

is} 

have  been  reported,  vill  be  ennealed  and  then  saebined,  and  neasurtsentr  of 
their  clastic  properties  at  elevated  tesperatures  vill  be  started. 


h,  C.  Zener.  Slasticity  and  Anelasticlty  of  Ketals,  University  of  Chicago 
Press,  Chicago,  Illinois.  l$*n. 

S.  D.  H  Tliblctt  and  J.  Wilks,  Phil.  Kag.  Suppl.  9,  (S  (19-^). 


C«  H.  HoBSita 


D.  X-Hay  Studies 

X-ray  diffraction  experireats  at  elevated  ta^eratiTcs  are  being 
used  to  detersine  botb  the  thersal  expansion  of  saterials  and  tbi  riean 
vibration  ^pUtudes  of  the  at^s  vhieh  csspcse  then.  Hesults  obtained  for 
the  themal  expansion  aril  atonic  vibration  anplituies  of  tungsten  end  tltaniis 
carb.ide  have  been  included  In  previous  reports.  The  themal  esq^ansioc  data 
previously  a/aileble  in  the  liti^ature  for  each  of  those  saterials,  oter  a 
ssaller  tenperature  range  than  ve  covered,  shoved  vide  scatter,  i^cordingly, 
there  vas  no  standard  value  against  vhleh  to  eospare  our  results,  vhich  lay  'n 
general  near  the  high- expansion  edge  of  the  scatter  bnod  of  results. 

Ihnrlcg  the  redesign  and  construction  of  a  *.ot-zone  assedbiy  ior 
tisc  x-ray  fUrrAce  a  careful  check  on  possible  errors  vas  node.  It  vas  found 
that  the  sice  ts&  aligrsent  of  the  viev  holes  through  the  beat  shields  oxvl  the 
vacum-chasber  vail  vere  tuch  that  the  angular  aperture  of  the  optical  pircseter 
vas  not  filled  vith  radiation  fma  the  black-body  hole  in  the  speciacn.  (The 
Fyro  Kicro-optical  ^Tcsetcr  cade  by  the  Pyreaeter  Instruacnt  Cc^any  yith  a 
5-5*6  inch  verking  distance  has  the  relatively  large  angjlar  aperture  of  tibovt 
6  degrees.)  Thus,  the  speciacn  tc:5>erattnres  reported  for  given  thercal  ex¬ 
pansions  have  been  lover  than  the  true  temperatures. 

7ne  nev  furnace  assesbly,  with  enlarged  vieving  holes,  has  nov  been 
put  into  operation.  The  temperature  of  a  dpeclsen  of  ccsscrclal  tantalm  vas 
measured  simultaneously  vith  the  optical  p>.tmeter  and  an  Inserted  Pt-3h  vs.  Pt 
thermocouple  vhilc  it  vas  heated  in  this  nev  furnace  assembly.  The  optical 
pyreseter  vas  sighted  into  a  hole  (l/6^  inch  diameter  and  l/6  inch  deep) 
drilled  in  the  specimen-  A  co^wted  FVcsncl  correction,  vhich  vas  experimental¬ 
ly  verified  vithln  5*C,  vas  spiled  to  the  fused-quart.  window.  A  thermocouple 
veil  vas  also  drilled  in  the  specimen  sc  the  theraocoupie  vas  vithln  inch 
of  the  si^tiz:g  bole.  Comparative  temperatures  as  read  b/  the  opticil  pyrome¬ 
ter  and  thcrmoccuplc  arc  given  in  Table  D-I. 

Table  D-I  Comr-nrison  of  Temperatures  Measured  by 
rnermocouple  and  Optical  Pyreaeter 

Indicated  Temperature  (*T) 

TUG  395  101:.  1295 

Optica:  ?yrcm?*.cr  75J  lOlt 
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5h«  results  shov,  vithin  ti-e  accuracy  cf  the  techniques,  that  vith 
the  nev  arrangement  the  optical  ^rreseter  gives  the  correct  temperature.  The 
thermal  expansion  vorX  on  TiC  and  tungsten  has  beer,  redone  using  the  new 
heating-tone  assezdaly  and  is  reported  in  Table  C-II,  along  with  new  data  ob¬ 
tained  for  2rC.  Agreement  with  the  relatively  recent  x-ray  data  of  Kauer  and 
3ols  is  now  good  for  the  entire  tei^craturc  range  vithin  which  they  made 

measurem^'itc . 


Table  D-II  Ther^.l 
TIC 


Sion  of  TiC,  ZrC.  and  Tbngsten 


Tfcmperature 

(•C) 

15** 

init: 

12t6 

1516 

1767 

Expansion 

( t) 

.000 

-5ii7 

-735 

X.OE 

1.26 

1.19 

Ex?a.-icion* 

(  5) 

.000 

-5}1 

.760 

1.00 

- 

- 

ZrC 

Temperattare 

(*c) 

25 

75i 

1011 

12&7 

1515 

1TT2 

Expansion 

(  i) 

.000 

.!.7i 

.606 

.852 

l.Cfe 

1.2<i 

Expansion* 

( i) 

.000 

<0 

.6i0 

.820 

- 

- 

Tesrperature 

(•c) 

25 

75i 

ICO9 

1275 

1522 

1777 

Expansion 

(  i) 

-OOC 

•Jit 

.1.75 

.625 

.765 

.919 

Expansion* 

(  J) 

.000 

-}i5 

.1.76 

.623 

- 

- 

•Interpolated 

fi-= 

the  dnt 

j.  ^ 

The  previous  discussion  of  the  type  and  empli 

t  -ic  of  tl.e  atomic 

ribratiens  is  n 

cher^cd,  5 

>ut  the 

reported  as^litudes 

and  co: 

Tcspsndlnr  Sebye 

Lcmpcraturcs  mo 

;st  be 

resale. 

:lated. 

All  data 

given  in  earlier 

reports  ’rfU  be 

recalculated  an 

in  the 

next  quar 

lerly  repor 

(l)  r.  A.  leaner  ami  L.  H,  Sole,  "iSeasuresent  of  Thermal  Expansion  of  Cermet 
Ccnpcncnts  by  High  Ter^^ature  X-ray  Diffraction,"  1133  (Dec. 
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The  x-ray  fumaee  hss  been  rebuilt  vith  the  folloving  design  ir?rc\c- 
sents.  The  hot-sor.e  essc=2»^  not*  centains  tvo  plug-in  units.  One  consisting 
of  the  specimen  holders  er4d  radiation  shields  should  facilitate  periodic  re¬ 
conditioning,  such  as  replacing  radiation  shields.  Ihc  second  consists  of  the 
heater  supports  uhich  plug  into  their  electrodes  and  have  better  rigidity  and 
electrical  contact  than  previously.  Other  changes  are  Inproved  radiation 
shielding,  a  nev  shutter  for  the  pyroaetcr  vir.dov,  and  a  thicker,  bettc** 
polished  beryllium  x-ray  vialsu  in  the  furnace  shell. 

During  the  next  euarter  ve  expect  to  extend  the  aeas-ureaents  on  TiC 
and  7rC  to  above  2000*C.  A  ccri^lete  si=ary  of  vibrational  axplltt^es,  thersal 
expansion,  and  Debye  tcsperaturcs  of  TiC,  2rC,  and  ;<“tcn  vill  be  prf  jAred 
iior  the  corrected  tespamVarc  aessurcaents .  Studies  vill  also  begin  on  the 
effect  Crf  =etal:aetalloid  atca  ratio  on  the  thersaj.  expansion  and  vibration 
amplitudes  of  T$C  and  ZrC. 


! 
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5.  Calvanosa^etls  Heaguresents  J.  Piper 

IXuring  the  past  quarter  galvaacssgaetlc  sessxarerents  have  "been  =ade 
cn  a  variety  of  face-eentered-cubir  reftractory  carbides  of  both  IVa  a»d 
Group  setals.  Trczi  these  data  father  inforsatioa  has  been  obtained  regarding 
the  encro*  depeadance  of  the  density  of  valeacc-eleotrcn  states  for  these 
materials. 

1.  Sbcperisental 

The  Hall  coefficients  and  electrical  resistivities  of  a  series  of 
hot-pressed  refractory  carbides  are  presented  as  functions  of  tei^rature  in 
Figures  E-1  aitd  7>-2.  Pertinent  data  regarding  the  sar;  -.es  shevn  in  the  •••o 
figures  are  given  in  Table  £-1.  H  solid  line  in  Figju-es  S-1  and  E-2  indicates 
that  the  effect  vas  seasured  at  saall  tenperature  intervals;  a  broken  line 

Table  5-1  Saaples  Used  for  Figures  E-1  and  E-2 


Katerial 

c/yt 

(Atonic  Hatio) 

Density 

Kajor  lapuritie: 
(by  weight) 

Tie 

0.9^ 

0.8& 

. 

ZrC 

0.83 

0.?5 

Firec  C  -  1.75^, 

K  - 

FfC 

0.85 

0.8o 

rWe  C  -  0.5^^, 

n  -  o.scji 

CbC 

0.S9 

0.88 

Free  C  -  0.>^ 

TaC 

0.S5 

0.60 

• 

serely  connects  the  expcriaental  points  that  ere  shc«n.  Ho  corrections  have 
been  nadc  for  porosity  of  the  staple.  The  points  for  both  TaC  and  CbC 

=ust  be  regarded  vith  sooe  caution  as  the  suppression  of  the  superconductivity 
of  the  saaples  vith  a  aagnetic  field  aay  x»t  have  been  ccnplete.  Kevever,  a 
aag:etlc  field  dcpcndance  of  the  Hall  ccefflclent  vas  not  observed  for  either 
aaterial,  and  only  CbC  ccatlnued  to  shsv  a  sli^t  field  dependence  of  its 
resistivity  at  12-5  k  gauss.  The  large  relative  spread  Is  experiaentai  points 
fer  the  nail  coefficients  of  CbC  and  TaC  is  a  result  of  the  saall  aagnitude 
(-"'P.Im  Y)  of  the  Hall  voltage,  v^ich  is  United  by  the  saa3Ll  Kail  coefficient, 
the  aaxiaua  available  sacnetic  field,  and  the  naxisrs  tolerable  (^ucic  heating) 
current. 

P*c*uc£icn 

The  acst  prccincnt  features  of  the  values  presented  in  Figures  S-1 
and  S-2  arc  the  sifferences  in  nagnitude  and  tesperature  derendente  of  the 
Hall  ?ceff5cicr.ts  betvern  the  IVa  and  Ya  carbides.  la  conjorissa,  only  alnor 
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differences  la  properties  are  observed  for  carbides  vithin  each  group.  These 
features  cay  be  interpreted  in  teres  of  a  tvo-baad  sodel.  Calculations  by 
Callc-ay^^^  on  Ihe  band  structure  of  WC-^pe  coepounds,  vhere  K  is  a  transition 
uetal,  indicate  that  the  density  of  valence-electron  states  near  the  Fersi 
levels  for  these  eoepounds  is  large  and  fluctuating.  Hovcver,  the  large  Hall 
coefficients  R  found  for  the  IVa  carbides  indicate  that  n  conduction  band 
containing  a  relatively  few  electrons  (-^0.1  per  aetal  atcc)  cust  fee  n-oviding 
a  cajer  portion  of  the  chan^  transport. 

If  ve  asstce  that  the  conduction  band  has  a  standard  fora  and 
provides  cost  of  the  transport  -  as  supported  by  the  scall  cagnetic-field 

dependence  of  the  Hall  coefficient  and  resistivity  r.-^vtcd  pewlously  -or 

(2) 

?1C  -  then  the  following  analysis  indicates  the  features  of  the  bend 

structtire  which  deterdne  the  teeperature  depcnda-ice  of  R. 

The  Hall  coefficient  R  is  related  to  the  concentraticn  of  charge 
carriers  n^  by 


R  ft)  ~ 


en,ft) 


(1) 


where  c  is  the  charge  of  the  carrier  and  both  R  and  n^  are  teeperature  depend¬ 
ant. 


/g.(E)  dE 


(2) 


where  g.  is  the  density  of  states  per  unit  enerc'  within  the  conduction  band 
and  EU>  the  Fcmi  energy,  is  a  function  of  teeperature.  The  teeperature 
deper.da.ncc  of  Ey  in  tJim  Is  a  tUnction  of  the  total  density  of  states  g(E) 
given  by 


f  k{E)  dS 

"  J 


(5) 


where  21  is  the  total  nu:±cr  of  valence  electrons  and.  therefore,  independent 
cf  7. 


1.  Callavay.  'd  Bands  la  Cubic  lattices.  Ill"  Fbys.  Rev.  m,  1J51  (1951)- 

2.  ^cclannual  Progress  Report,  Dcccnber  Jl,  15^1.  "Research  on  Fbysical  and 
Chcslcal  sVinciplcs  Afrectlr.g  High  7c=peratu.-e  rtatcrials,  etc."  -  Contract 
:io.  0A-JC-0c9-CRD-27S7. 
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Solvtlcn  of  Equation  (?)  to  the  first  non-vanlshlng  tern  In 


jrovldes  the  relation 


i^(T)  -  Ep(0) 


(W) 


8'(V 

6  l^) 


(h) 


and  the  solution  of  Equation  (2)  for  a  standard  hand  axsd  a  large 

value  of  !i_/!£  gives  _ 

n^(T)  j 

n.10)  ”  I  ^10} J 

?roa  Equations  (l),  (h),  and  (5)  ve  obtain  the  erpres.  on 

ra(0)1*/5 


(5) 


1 

rST  J 


1-  ■ 


-  (jgr  gHS) 

o  Epto)  sTeT  ' 


(6) 


Vhile  this  derivation  is  rigorcus  ox^  in  the  leu  temperature  lix&it,  the  •^uali- 
tative  dependanee  of  the  Hall  coefficient  as  a  function  of  temperature  upon  the 
fora  of  the  density-of-states  curve- remains  siailar  at  higher  tesperatxares. 

According  to  Equation  (6)  and  the  data  presented  in  Figure  E-1,  g'(E)/ 
g(S)  is  large  and  negative  for  the  IVa  carbides,  vhile  the  same  factor  may  be 
positive  for  the  Va  carbides.  These  features  are  very  rou^ily  illustrated  in 
Figure  C-3.  The  vertical  lines  cerked  ZxC  and  CbC  indicate  Fermi  levels  ubich 
are  in  accord  vitb  the  Hail  effect  data  for  the  IVth  and  Vth  group  carbides 
respectively. 

Several  comaents  regarding  the  features  of  Figure  E-J  are  pertinent. 


a.  The  small  Hall  coefficients  for  the  Va  carbides  suggest  (Item 
Scuatlon  (l)  that  there  is  about  one  electreo  per  me^  atom  in  the  conduction 
band  of  these  carbides  in  contrast  vith*^0.1  per  metal  atoo  for  the  r»'th  ©roup 
carbides.  In  vir^  of  the  increase  in  valence-electron  ccocentration  of  1 
electron  per  metal  atom  in  the  step  from  IVth  to  Vth  proup  caibides,  most  of 
the  Increment  of  valence  electrons  may  appear  to  have  entered  the  conduction 
band.  Under  these  conditions  the  minimum  in  the  dashed  curve  for  g(E)  vculd 
be  Icwcr  and  much  broader  than  indicated  in  Figure  E-J.  The  CbC  Feral  aevel 
vould  be  displaced  to  a  hi^er  energy.  It  Is  likely,  hovever,  that  socse 
'liole*'  conduction  in  the  second  band  Is  reducing  the  cagnitude  of  the  Hall 
coefficients  and  thus  lncreasir*g  the  apparent  electron  concentration  for  tne 
Va  carbides.  The  hole  conduction,  in  turn,  mi^t  be  expected  to  provide  a 
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seasurable  sagnetoreslstance »  Fi^ellclnary  oeasurecents,  hovever.  Indicate 
ti:at  'U;e  eagnetoreslstance  is  no  larger  than  in  the  XVa  carbides,  and  it 
regains  to  be  seen  vhether  hole  conduction  is  actually  li^rtant  in  the  Va 
carbides. 

b.  In  Figure  S-5,  the  total  density  of  sta^es  for  the  Va  carbides 
is  represented  as  saaller  than  thrt  for  the  IVth  group  caterials.  Ho’.^er, 
there  is  as  yet  no  very  substantial  evidence  for  this. 

c.  ?he  shape  of  the  densi^*of»8tates  curve  for  the  region  inter- 
sedlate  betveen  ZrC  and  CbC  is  open  to  ecn'ecture,  anc*.  its  detendnetion 
requires  vork  on  solid  solutions  of  the  tvo  sateria  !•. 

d.  Tvo  assumptions  nade  in  the  above  discussion  cust  be  considered 
vith  sone  reservation.  The  first  is  that  of  negligible  conduction  in  a  second 
band  for  the  IVth  group  carbides;  the  other,  that  the  band  structure  regains 
unchanged  vith  the  change  in  core  potential  tron  the  IVth  to  the  Vth  group 
setals.  GalvcnoBagnetic  data  on  hiEh'-quality  single  crystals  a.nd  on  solid 
solutions  vill  probably  be  needed  before  these  assuaptions  cay  be  critically 
appraised. 

3,  Future  Work 

Work  tovsrd  the  elucidaticn  of  resistivity  differences  in  different 
saaples  of  the  sane  carbide  has  continued  during  the  pest  quarter,  and  vbile 
there  is  insufficient  infonsation  to  support  definite  conclusicns.  there  are 
indications  that  nitrogen  "doping"  is  at  least  partially  responsible.  Further 
exasination  of  the  effect  of  partial  replacezent  of  carbon  vith  nitrogen  and 
boron  is  therefore  contecplatcd.  This,  and  ceasurcaen*  >  on  ZrC/CfcC  solid 
solutions  vill  provide  inforrAtlon  ca  the  density  of  valence-electron  states 
in  the  intersediatc  region.  An  cquicolar  solution  of  ZrC  and  CbC  is  presently 
being  prepared.  A  furnace  in  vhlch  galvanocagietic  ceasuresents  can  be  cade 
at  temperatures  up  to  IC00*C  has  been  designed  and  will  be  constructed. 
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F.  Katerlals  Preperatlcn  I.  BSrjdTer 

The  produstSon  of  reproducible,  characterised  speciacas  of  refrac- 
tory  carbides  asd  borides  ia  a  variety  of  shapes,  as  required  for  varioxis 
aeasureser.ts.  Is  the  '^t  of  this  vork.  It  is  desirable  that  soae  of  these 

spectsens  be  of  hig*“  *  y  so  tiiat  the  properties  of  each  pure  cc^ound  caa 

be  established  as  a  .  ,  frcs  uhich  to  detersine  the  influence  of  irpuri- 

ties  upon  properties. 

Tables  ?-l  and  F-H  contain  the  analytical  results  for  g*ny  of  the 
lots  of  refractory  carbides  and  borides  produced  by  us  as  >20G  sesh  poudei-s  and 
for  ’Alch  analytical  results  have  been  received.  Bie  .  nrity  of  the 
is  shovn  by  one  total  ispurlty  ccntent.  This  has  bevj  selected  as  a  criterion 
mtlicr  than  the  content  of  the  tvo  aaior  constitufrts  because  analyses  for  large 
asounts  of  the  =etals>  carbon,  cr  boron  say  contain  errors  as  large  as  0.5*1. 

The  total  analytical  tuicertainty  rs  less  *«dien  the  snail  errors  in  the  deteroina- 
tion  of  each  Ispurity  arc  stesed.  A  spectrographic  analysis  is  used  to  insure 
that  no  aetallie  iupurity  is  overlooked. 

The  batches  of  cos^^nds  as  originally  prepared  carry  C*  or  B*  lot 
nusbers.  These  cespounds  vere  s^e  by  reacting  graphite  or  boron  powder  vith 
the  appropriate  povdered  setal,  setal  hydride,  or  seta!  oxide.  The  reaction 
vas  carried  out  in  an  lsductioa*heated  gr^lte  container  connected  by  ^sely 
fitting  sechanical  Joints  to  a  source  of  purified  hydrogen  and  to  a  graphite 
exit  stack  at  vhi^  the  hydrogen  is  b’.c&ed.  Many  of  these  batches  have  been 
purified  by  heating  ia  a  vacuus  of  1C  -  10  =.  Th*  resulting  xaterlal  is 

designated  by  a  V*  let  n^srber.  The  varr^s  treatsent  generally  consisted  of 
heating  slovly  and  pausing  at  teaperature.^  where  gas  evolution  occurred  until 
this  was  sucstantially  ecc^lete.  The  highest  teoperature  reached  and  the  tiae 
held  are  given  in  the  tables-  The  tccseratures  were  seasured  vith  an  optical 
pyroaeter,  and  corrections  have  been  added  for  the  vindov  and  prisn  losses 
(50*C)  and  for  an  esittance  of  0,1. 

The  borides  aai  carbides  of  the  Ya  Cro'A  setals  (TaC,  rtC,  TaBg, 

CtB^)  have  been  nsic  vitn  good  to  excellent  purities.  The  results  could 
probably  still  be  isproved  by  the  application  of  varuun  purification  treat* 
S^ntys- 

C^nsidcrsble  a»re  difficulty  has  been  encountered  vith  the  ciu’biaes 


and  borides  of  the  Tis.  Srouj  ztttHs  (?iC,  TiS^,  ZrC,  2r3,,  KfC,  a.'ji  Hfdg). 
Zirtonitn  carbide  and  diboridc  have  been  aade  in  good  to  vesy  good  parity, 
bst  not  vlth  regularity.  Tltaniis  carbide  and  diboride  have  not  yet  been 
nsde  to  the  desired  standards  of  •  y  parity,  except  that  Lot  V-3B  of 
xiSg  soy  reach  this  if  its  cjQrgea  content,  not  yet  reported,  is  <  0.2^.  The 
hafhi'ja  ccri^ounis,  sade  in  only  a  fe*.  ru:is,  nave  not  yet  reached  the  standard. 

Yaccv=  purification  of  these  carbides  and  bcfldes  of  the  Croup  IVa 
setals  has  bees  shcr.'s  to  be  quite  effective,  tboo^  not  a  cure-all.  Hitrcgen 
can  be  resoved  fbca  TIC,  HlC,  Kf3g,  and  ZrBg  at  abcut  ;a50*C.  Possibly 

it  can  be  resoved  i?os  2rC  at  higher  tec^ratxnres.  H*  »ievcr,  this  is  one 
elenent  vhicn  can  be  largely  presented  fbes  entcrinf,  -he  satcricl  by  giving 
particular  care  to  Jcccpirg  the  systea  tight  and  ^  gettering  thv  atz^si^iarc 
vhilc  forsing  the  eo^wund- 

(bygen  and  carbon  contents  appear  to  be  related  as  one  vould  expect. 
In  general  these  snterials  have  contained  sore  carbon  (fbee  carbon  in  carbides) 
than  o^Q’gen.  Under  tre«e  conditions  o:^ges  has  been  relatively  easy  to  rcaovs, 
presusobly  as  CO,  at  tes^eratures  as  lev  as  1600*C.  Vhether  a  considerable 
excess  of  o^<*gen  vould  be  ressoved  volatili»xticn  at  a  practical  topers- 
ture  is  uucertAin.  Mass  spectrosetrie  vsrK  here  has  shovn  that  ZrO  coule  be 
evaporated  preferentially  ftres  ZrBg  at  2100*C.  Carbon,  on  the  other  hand, 
has  been  very  difficult  to  rcssve  vhen  it  is  present  in  large  asounta.  In 
fuiuns  work,  attopts  viU  be  sadc  to  keep  the  free  carbon  lov  in  the  original 
batch.  In  cases  vhere  the  c«-bon  content  considerably  exceeds  the  exyg^ 
content,  several  methods  viU  be  tried  for  adding  oxygen  to  aid  in  the  re- 
soval  of  carbon. 

The  actaUic  inpuritics  in  these  carbides  ans  ooridcs  arc  generally 
lev.  They  arc  poshed  even  lover  by  v^uict  heat  treatoeats  as  is  she  on  In 
Table  ?-in  for  scae  typical  saterials.  The  iron  and  chrcsiia  probatly  cooc 
nainly  fren  the  stainlcss-s’sel  aartar  used  in  crushing  the  partially  sintered 
xasscs  to  fine  povder. 


TaSle  F-1 


C-25 

0.97 

0.11 

0.04 

0.048 

0.30 

C-36 

0.99? 

0.36 

0.03 

0.054 

0.50 

C-& 

0.99 

0.10 

O.Ol 

0.02 

0.22 

c*40 

1,00 

0.10 

<0.01 

0.026 

0.19 

C-42A 

0.9B 

0.01 

0.01 

0.023 

0.C4 

c-5 

0.965 

0.63 

1.28 

0.57 

.83 

J  hr  2310*0 

v-3fe* 

0.96 

O.oO 

0.2? 

O.OT2 

1.00 

C-37 

0.965 

0.98 

0.62 

O.IC- 

2.06 

V-51* 

0.545 

0.52 

0.70 

0.04 

1.36 

1  hr  1770*. 

5  B.  1920*0 

C-38 

0.94 

0.64 

0.57 

0.20 

1.54 

C-15 

0.35 

0.61 

1.01 

- 

- 

V-2* 

0.89 

0.05 

0.93 

- 

- 

Solid  saaplc 
10  n.  2130*0 

c-a6a 

O.S45 

5.24 

2.48 

- 

- 

2i  hr  1710*0 

V-8* 

0.90 

4.92 

2.17 

- 

- 

v-8a» 

0.94 

3.45 

0.15 

- 

- 

Abate  ♦  ij  h 
2240*0 

V-27** 

0.91 

6.81 

1.94 

- 

- 

V-35* 

0.998 

4.92 

O.ij 

0.05 

“ 

CtUl 

0.93 

2.02 

0.57 

0.27 

3.0 

V.65 

0.97 

0.94 

0.40 

0.023 

1.40 

C-22 

0.56 

0.50 

0.82 

- 

V.I7 

- 

0.23 

o.Sc 

0.06 

- 

C-20 

0.55 

0.41 

0.27 

0.47 

i-32 

V-13* 

0.565 

<0.05 

0.23 

0.065 

0.37 

C-Cl 

0.95 

0.37 

0.35 

'0-32 

I.l*' 

c-31 

0.95 

0.82 

0.06 

0.30 

1.26 

0.607 

1.25 

0.19 

0.37 

1.83 

y-5S« 

0.39 

0.S7 

0.10 

1.1^ 

l|  fcr  IBIO'C 
A  Sr  2^*  + 
j  hr  2500*C 

ij  hr  ZZIO’C 

JO  s  £150"C 

li  hr  22«0*C 


table  F-l  (cootiaued) 


total  Vacuuo 


Cosy^uad  lot 

C/Jie  “ 

Flree  C 

II 

0 

L^airity 

Tj^eataent 

KfC  017 

0.®*’ 

0.5£ 

0.60 

0.23 

1.6 

019 

o.e?*’ 

1.55 

0.59 

o.oS 

2.22 

V-12* 

0-5^ 

1.21 

C-J* 

0.03 

X.Cy 

1  hr  2200 

o  -  Ataolc  ratio  of  csiitioea  carton  to  itajor  natal  constituent, 
b  -  tbe  zlrconlun  content  (2^)  is  inciuSed  os  an  ej.ivaleot  nisSscr  r.t 
antes  of  hefniua  in  calculating  C/Ke. 

•  -  Produced  by  vaeuua  purification  of  lot  Iraaedlsteljr  preceding  in  Tabic. 
**  -  V-27  produced  froa  part  of  C-16b, 


Cb^ 

B-U8 

2.00 

0.21 

<  0.01 

0.116 

0.49 

Tai^ 

s-ja 

1.^0 

O.lh 

0.0** 

0.115 

0.43 

BJi9 

2.12 

0.07 

<  0.01 

o.on 

0.^ 

Ti^ 

S-2CA 

- 

1-35 

1.07 

£st. 

£st. 

0.8 

0.8 

V.15* 

2-05 

0.87 

c.o:* 

0.*i 

1.5 

10  n  2250*0 

B-21 

- 

0.35 

0.3*» 

- 

- 

v*.i3 

- 

o.a*t 

0.05 

- 

- 

50  n  22liO*C 

B-51 

2.05 

1.56 

o.ci 

0.3*. 

2.05 

V-55* 

2.15 

1.27 

•C  0.01 

0.17 

1.60 

U  h  1275*C 

V-5T* 

2.17 

1.20 

<  0.01 

C.C2** 

1.37 

10  n  2310*C 

B-55 

- 

1.62 

<  0.01 

0.**0 

- 

Zrt^ 

B-lli 

- 

0.9 

- 

- 

- 

V-7* 

- 

<  0.05 

- 

o.afe 

- 

1  h  1800*0 

B-19 

- 

0.5l 

1.03 

- 

- 

V^5* 

2.1 

0.1*7 

0.10 

- 

- 

1/2  h  2220*0 

B-25 

2.07 

0.21 

0.12 

Sst. 

0.!> 

0.9 

VSi* 

1.85 

O-O5 

<  C.C5 

0.15 

0.25 

1/2  h  2260*0 

B-®!* 

i.ftr 

0.2l* 

0.08 

Est. 

Est. 

0.5 

1.05 

V-2l>* 

1.85 

O.tf* 

<  0.05 

0.091 

0.25 

1  h  2080*C 

B-36 

1.93 

0.95 

0.01 

- 

3st. 

1.55 

v-ja* 

2.05 

0.81 

O.OC2 

0.15 

1.10 

1/2  h  2120*0 

B-!>3 

2.11 

1.10 

C.0C5 

0.15 

l.i.5 

V-M* 

1.65 

l-Oi 

<  0.01 

O.C£2 

1.15 

1/2  h  2290*0 

3-15 

_  -^b 
l.^fO 

0.19 

0.57 

O.Si 

l.'<5 

3-18 

a.iio*’ 

0.60 

0.1*1 

0.0S5 

1.5c 

V-l6* 

2-35*’ 

0.55 

0.03 

0.083 

0.83 

1/2  h  2300*0 

*  -  Fr^iucvu  by  vacirs  furlficftticr.  of  lot  iacdlately  preceding  in 
a  •  Atonic  ratio  cf  cccblned  carbon  to  sOv^or  setal  constituent. 

b  -  The  tirccniis  ccntcnt  (2  l/2^}  is  inclx:ded  as  an  squivalent  nunber  of 
soles  of  hafniua  in  calculating 


Material 

re  Si 

Cr 

A1 

V 

Cu 

Vn 

Ks 

Others 

TeS  C-SaA 

s» 

n.d.  n.d. 

n.d. 

n.d. 

0.C5 

0.0005 

n.d. 

n.d. 

B  0.0006 

71  0.003 
Cu  .»5 


Its.  B-!i9 

0.16 

n.d. 

0.(^ 

n.d. 

- 

- 

- 

O.OCS 

TIC  C-5T 

0.10 

O.C2 

0.05 

o.ce 

- 

- 

- 

- 

V-51* ** 

0.04 

0.009 

o.ces 

0.017 

n.d. 

0.006 

0.001  0.00C2 

C-lil 

o.ic 

0.645 

o.cei 

n.d. 

- 

- 

- 

- 

v-65» 

0.003 

O.OOr? 

0,01 

n.d. 

O.OOS 

f.COO^ 

O.OCfe 

n.d. 

TSi^  B-51 

0.12 

0.018 

- 

n.d. 

- 

- 

- 

0.0006 

B-57* 

0.12 

0.005 

O.C®2 

n.d. 

n.d. 

0.006 

n.d. 

0.0002 

Hi  0.C3 

ZrC  C-UJ 

0.039 

n.d. 

0.0!i8 

n.d. 

0.0(£ 

O.OOS 

0.0006 

n.d. 

Ti  -cei 

B  0.001 

V-5S* 

n.d. 

n.d. 

0.048 

n.d. 

n.d. 

n.d. 

n.d. 

.oce- 

.OOC£ 

B  0.0006 

B-Jir 

0.16 

0.01 

0.(9 

<0.01 

- 

- 

-  -O-Ol 

71  .04 
HKO.Ol 

V-IA 

0.05 

n.d. 

0.055 

n.d. 

0.009 

n.d. 

n.d. 

0.0006 

7i  .055 
Hi  n.d. 

*  Pt-oduced  \/y  v«cu\a  purlflcaticn  of  lot  iaaodiately  preceding  In  this  t^lc. 

**  n.d.  *  not  detected. 
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C.  Mechanical  Property  Keasureaents 

1.  Creep  of  Hefractcry  riaterlais 

The  oechaaical  properties  of  rooket»&o2zle  seterisls  are  very  impor¬ 
tant  since  noszles  are  subjected  to  csssid^a^Xe  loads  and  to  hi^  thensaX 
stresses  during  operation.  Tke  strengths  of  cateriaXs  sust,  of  course,  be 
knevn  at  the  operating  teaperatures  to  predict  their  behavior  under  the 
stresses  involved,  but  t3iat  is  not  enough.  ?he  ability  to  defora  ^sticalXy 
and  so  reduce  stress  ccncentraticns  is  also  vital.  It  is  particularly  i^or- 
tant  to  deteminc  the  plastic  behavior  of  reitactory  carbides  and  borides  at 
hl^  tenperatures,  because  they  are  notably  brittle  at  ordinary  te^eratures. 
The  hiph-tesperature  creep  fbmece  has  nnw  been  used  test  a  saaple  of 
tantalua  in  tensile  creep  at  various  tenperatures  in  the  general  range  IGCC- 
120C*C,  and  two  abortive  runs  have  been  cade  ca  TiB^* 

The  deforsatlon  of  tantalxa  vas  seasured  to  vichSn  0.01  m  ^  using 
a  teleaieroscope  to  obser/e  fiducial  narks  on  the  sasple.  Figures  C«1  and  G-2 
give  the  defomatSon  v».tise  for  this  sanple  under  various  conditiens  of  tea* 
psrature  and  stress.  A  |iaver  failure  at  the  local  utility  ccepany  occurred 
during  this  test;  the  data  la  Fi^re  C-1  being  taken  before,  and  that  in 
Figure  C-2  after  this  occured.  Since  the  beaa-leveling  device  of  the  creep 
sachine  cannot  back  up,  any  specinen  under  test  vben  a  pewer  failure  occurs 
vill  be  strained  by  nearly  the  aacur.t  of  its  ovn  contraction  plus  that  of  the 
grips  and  pull-rods  during  the  cooling  tc  roos  tesperature.  AH 

gives  the  reaction-rate  expression  4r“  ■  S’e®^  e“  ^  for 
creep  vhere  i*  creep  rate.  S’  a  structure-sensitive  paraseter,  B  the 

stress  constant,  e  the  stress,  AE  the  activation  energy  for  creep,  R  the  gas 

Be 

constant,  and  ?  the  absolute  tenpe^ture.  The  ccebined  factor  S*e  is  termed 
the  Zener-HoHccon  psrs=ct«r.  Ass^ng  this  equation  one  cay  ccepute  thv 
activation  energy  if  one  ceasurcs  the  creep  rates  at  two  tenperatures  vbile 
kcepir.g  the  stress  and  sanide  structure  essentially  constant.  Sicllarly  the 
stress  constant  3  cay  be  obtained  fres  two  creep  rates  at  different  stresses 
but  constant  teeperature  and  structure. 


p.  W'dop.  /05. 
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liurpJiy  asd  uhrlg'^^  riasurcd  the  creep  of  tantalus  at  teaperatures 
up  to  cOC’C  arid  stresses  botveea  22  and  20  Ksi.  They  api^l^d  Item's  equation 

to  their  data  and  determined  average  values  for  AH  and  B  of  IC^.o  Kcal/aol 
-  -ip, 

and  5-t5  x  10  in  /lb  respectively.  Fictrapolating  with  these  values  to  1025*C 
gives  a  creep  rate  of  1  x  10”^/hr  at  S.5  hsi  ccacared  to  the  6  x  10“^  measured 
in  this  experiment.  The  creep  rates  measured  after  the  pcver  failiire  were 
considerably  lover  than  would  be  predicted  from  the  data  of  >hurphy  and  Uhrig. 
This  is  probably  a  result  of  straining  and  polygonitir.g  the  sssple  during 
cooling  and  reheating.  Both  attain  ar.d  polygonisaticn  are  known  to 

affect  strongly  the  criep  behavior  of  metals.  The  pri'sary  purpose  for 
working  on  tantaliss  was  to  try  out  the  testing  seti.e  .i,  ro  no  farther  cw  lection 
of  data  or.  tantaitca  Is  ple^nad. 

Since  the  phase  diagrams  of  the  refractory  metals  with  boron  ere 
not  very  well  keevr..  it  was  not  possiole  to  ay  whether  lov-ssclting  liouids 
sight  be  formed  between  TiB^  and  tantalus^  aolybdenua.  or  tur.gsten.  To 
determine  the  suitabillt^y  of  these  metals  for  grips,  a  series  of  experiaei.ta 
was  cade.  Pieces  of  TIB^  la  contact  with  tantalus,  molybdenus,  or  tungsten 
were  heated  in  a  g‘>od  vattna.  Tnese  samples  were  continuously  observed  through 
an  optical  jyremeter.  TSBg  on  tantalus  and  tungsten  was  heated  to  a  brJ^tness 
teaperature  of  2100*C  with  no  seltir.g.  Cr.  reao*/al  fres  the  furnace  these  metals 
shewed  only  small  discolorations  at  the  area  of  contact.  ’When  7i3g  and  solyb- 
denus  were  heated,  however,  there  were  indications  of  a  liquid  at  2010*C  and 
meltlr.g  at  205o*C  {u.ncorrccted  brightness  temperature).  It  appears  that 
either  tantalG  or  tungsten  grip»  b«  used  with  7iBg  up  to  2100*C  without 

serious  reaction  occurrir.g, 

A  cc=erclal  TiBg  tensile  specimen  ves  teste.  In  creep  at  a  bri^tness 

temocrature  of  1515*C  using  tantalum  grips.  Under  a  stress  of  b.7  ksJ  the 
* 

creep  rate  was  belcv  1  x  IQ^'^/hr,  A  second  loss  of  power  to  the  bul  '.ding  caused 
the  fracture  of  this  specimen  at  an  ur.kr.cwr.  stress  and  temperature  during  its 
ccclinc.  r,  secerjs  -13^  sas^le  was  lost  when  it  was  cverneated  (apparently 
threugn  a  thermocouple  fa'lure),  reacted  with  the  tantalum  grips,  and  r^rtially 


melted. 


Future  Vork.  Two  sore  TlBg  speciaens  are  cn  head  and  will  te  tested 

at  te^treratures  above  15CO*C-  The  aeasurecent  of  teaperature  in  these  creep 

(2^ 

experisents  is  vexy  iaportant,  the  data  of  ^urphy  and  Uhrig,  ’  for  exaa^e, 
shoving  that  the  creep  rate  of  tantalia  doubles  for  a  25*C  teaperature  rise 
in  the  rtujge  near  1100*C.  However,  the  attachaent  of  any  tneroocouple  to  the 
saapde  is  Ix^actical  and  undesirable,  and  a  black-body  hole  for  optical 
oeasuresent  of  tenperatxnre  cannot  be  tolerated  in  a  creep  speciaen.  /ucordingiy, 
a  duBBy  speciaen  containing  such  a  bale  and  aade  of  the  aaterial  to  he  tested 
win  be  heated  in  the  creep  furnace.  Teaperatitres  viU  be  oeasured  both  on  the 
speciaen  surface  and  cn  the  bottoa  of  the  hole,  and  In^er  the  correction  thus 
detemined  will  be  applied  to  teaperattnres  read  on  ir-  surface  of  creep  f asples . 

2.  Piechanical  Properties  of  Tungsten  R.  L.  CuaDCrow 

Prelioinary  plans  arc  under  way  to  seasure  the  yield  stress  ax^  Hx 
steady-state  creep  rate  as  functions  of  tesperature  in  the  general  range  ICOO- 
25CO*C  for  tungsten  crystals  prepared  in  the  "cleanest”  way  possible.  The 
crystals  will  be  prepared  with  an  electron-bean  tone-taelting  apparatus  that  vaiI 
be  kept  coapletely  free  froa  carbon  and  other  interstitial  Sepurities  by  use  of 
a  Vaclon  dinusion  pusp,  effective  oil  trap«»  for  the  reusing  punp,  and  non- 
organlc  gasket  saterials.  After  the  properties  of  the  hyperpurc  tungsten  have 
been  established,  it  is  planned  to  sake  the  sane  type  of  seasurewnts  or. 
tungsten  single  crystalc  that  have  been  doped  ccntroUably  with  either  sub¬ 
stitutional  cr  interstitial  atons. 

The  power  supply  t<A'  tne  clcctrcc-beas  selM"g  awnratus  is  being 
ordered,  and  work  on  a  cathode  design  is  under  way,  Prelininary  design  work 
has  begun  on  the  high-teaperature  tensile  apparatus  tc  be  used  for  t3Bkxr.g  the 
yield-stress  and  crec?  taeasurenents. 
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FIGURE  G-l.  CREEP  TEST  OF  TANTALUM. 
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CONTINUATION  OF  CFEEP  TEST  OF  TANTALUM. 
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of  Matter 

liiiXadelphia  b,  Penn^lvania 
Att:  Prof.  J.  H.  Hobstetter 

Wrl^t  Aeronautical  CoErporation 
ttood-Bidge,  Sew  Jersey 


UUIOa  CARBHB  CCaPCaAIIQH; 


Or.  J.  C.  Bo^can 
Kr.  £.  J.  Bcfvle 
Or.  G.  Srecfcenridge 
Or.  R.  K.  B«fthnr.g 
Or.  H.  L.  Cusaerov 
«tr.  B.  A.  Oovaey 
Dr.  0.  K.  Ginies 
«r.  D.  £.  Badby 
Id,  A.  3.  Xiiiael 
Or.  A.  A.  Chazple 

Helen  F.  XiAnSj  Libmr 
Haynes  Stellite  C^pteyy 


Or.  R.  V.  KeSasee 
Kr.  a.  K.  Hilton 
Or.  John  Pike 
Or.  P.  0.  Scblssel 
Or.  Kilton  Stern 
Kr.  V.  A.  Steiner 
Or.  Rqy  C.  Sundeen 
Kr.  J.  0.  Venables 
Kr.  G.  H.  IX 
Hr.  3.  L.  ■lllard 


n-> 


